
 
Article citation info:  
PUZDROWSKA, P. Identification of damages in the inlet air duct of a diesel engine based on exhaust gas temperature measurements. 
Combustion Engines. 2019, 177(2), 108-114. DOI: 10.19206/CE-2019-219 

108 COMBUSTION ENGINES, 2019, 177(2)  

Patrycja PUZDROWSKA CE-2019-219 
 
 

Identification of damages in the inlet air duct of a diesel engine  
based on exhaust gas temperature measurements 

 
The temperature of the exhaust gas of a diesel piston engine, measured in the characteristic control sections of its thermo-flow 

system, can be a valuable source of diagnostic information about the technical condition of the elements limiting the working spaces thus 
separated, including the turbocharging system, but also its fuel supply system and replacement of the medium. In standard marine engine 
measurement systems equipped with an impulse turbocharging system, the exhaust gas temperature is measured at the outlet of 
individual cylinders and before and after the turbocharger turbine, using traditional thermocouples with high measurement inertia (time 
constant of tenths of a second and more). This means that for further diagnostic analyses, the average value of the periodically changing 
temperature of the exhaust stream leaving individual engine cylinders, the exhaust stream in the collective duct feeding the turbine and 
the exhaust stream in the exhaust duct of the turbine is used. 

This article proposes a new approach to the issue of diagnostic informationiveness of the exhaust gas temperature of a diesel engine, 
extending its observations with the dynamics of changes in the duration of one working cycle. The aim of the tests carried out on the 
laboratory stand of Farymann Diesel engine type D10 was to determine the diagnostic relations between the loss of permeability of the 
inlet air channel filter baffle and selected standards of the quick-changing signal of the exhaust gas temperature. On the basis of the 
calculations carried out, the following dynamic features of the recorded signal were determined: maximum amplitude of instantaneous 
exhaust gas temperature values (peak-to-peak value), its rate of increase and decrease, and the specific enthalpy of exhaust gases within 
one engine work cycle. 

Comparative analysis of numerical data characterizing the recorded quick-changing exhaust gas temperature courses clearly 
indicates obvious thermodynamic and energy consequences of partial loss of flow capacity of the air channel supplying the combustion 
chamber of the test engine.  

A further development of the experimental test programme is foreseen in order to determine a diagnostic matrix to support the 
diagnostic inference about the technical condition of the diesel engine on the basis of measurements and analysis of the quick-changing 
exhaust gas temperature. 
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1. Introduction 

Quick-changeable engine exhaust gas temperature al-
lows the users to obtain diagnostic information on the tech-
nical condition of structural elements limiting the cylinder's 
working spaces, as well as inlet air and exhaust gas ducts 
[1, 2, 12]. In order to develop a diagnosis method based on 
this parameter, it is necessary to reconcile such require-
ments as: high accuracy of measurements, their cost-
effectiveness and technological efficiency. It is also im-
portant to minimize the influence of external factors on the 
accuracy of measurements. Therefore, it seems appropriate 
to use the method of measuring quick changeable tempera-
tures with water-cooled thermocouple [5, 6, 19]1. 

2. Conditions for laboratory testing 
Empirical tests were carried out on the laboratory test 

bed of a single-cylinder four-stroke diesel engine Farymann 
Diesel type D10 (Fig. 2). The research was aimed at record-
ing in the selected control sections of the exhaust gas duct2 
the temperatures of quick-changing exhaust gases. Then, on 
their basis, diagnostic parameters were determined for two 

                                                        
1 If the thermocouple is not cooled, the recorded signal is disturbed, which 
results from the heating of the thermocouple from the surrounding gas, 
which is discussed in the publication [15]. 
2 Variable: the temperature and pressure of the exhaust gas was recorded 
in the straight exhaust gas duct, at the same distance from the cylinder 
outlet valve, so that the signals were comparable and to prevent interfer-
ence and reflection of pressure waves in the duct due to changes in the 
pipeline shape. 

states: the reference one and the simulated loss of permea-
bility of the inlet air channel filter baffle. 

During the tests, the following control parameters and 
indicators of engine operation were recorded (described in 
Table 1): 
-  temperature of exhaust gases, by means of thermocou-

ple type K cooled additionally with water jacket, 
-  exhaust gas pressure in the outlet duct,  
-  exhaust gas pressure in 

the combustion cham-
ber, 

-  a signal of the upper 
dead position of the pis-
ton, 

-  load current of the ge-
nerator (armature), 

-  voltage at the terminals 
of the generator arma-
ture, 

-  exhaust outlet valve 
opening signal. 
A multifunctional mea-

surement and recording 
module type DT-9805 from 
Data Translation was used 
to record quick-changing 
exhaust gas temperatures 
and pressures as well as the 
piston dead position signal, 

 

Fig. 1. A view of the inlet air duct 
supplying the engine: 1 – supply air 
control valve (degree of shutdown of 
  the valve as during the laboratory  
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while Matlab and Microsoft Excel software was used to 
record and mathematically process the recorded values of 
quick-changing exhaust gas temperatures. During the test,  
a constant crankshaft speed of the 1445 min–1 engine and  
a constant engine load were maintained. The sampling fre-
quency was 7000 Hz.  

The test was carried out for two different technical 
states of the intake air channel: defined as state 1 (refer-
ence) and state 2, which caused changes in the active cross-
sectional area of the air flow through the valve mounted 
between the cylinder valve and the filter – Fig. 1. In this 
way, a reduction in the permeability of the filter baffle as  
a result of its contamination was simulated, which is quite 
often the state of inoperability of every internal combustion 
engine [3, 13]. 

The presented test results are the average of 90 consecu-
tive measurements recorded under the same engine operat-
ing conditions, determined by the engine load, crankshaft 
rotational speed and environmental parameters. During the 
tests, distillation fuel ORLEN ECODIESEL was burnt in 
the engine. 

In order to undergo mathematical treatment and statisti-
cal analysis of the obtained results of diagnostic tests of the 
engine, it is necessary to decide to compare the same data 
groups. The most reliable and comparable "portion" of data 
obtained during the recording of the observed quick-
variable quantities was considered to be the results within 
one engine work cycle (from 0 to 720oCSR). In order to 
allow for such an approach, it shall be assumed that the 
signal of the exhaust gas temperature variation is a periodic  

 
Table 1. The parameters of the Farymann D10 single cylinder diesel engine recorded on the laboratory test stand 

Item Parameter Measuring device unit Measurement range 

1. Exhaust gas temperature – Tsp1 Exposed junction type K thermocouple 
(junction diameter 0.2 mm, ceramic sheath) 

oC 0–1000 

2. Exhaust gas temperature – Tsp2 Grounded type K thermocouple with the 
junction of external diameter of 0.5 mm, 
made from inconell 

oC 0–1000 

3. Exhaust gas pressure in the exhaust  
channel – psp 

Optical pressure sensor – Optrand C12296 V 0–689475.73 Pa (0–100 psi), 
sensitivity 6.01·10–8 V/Pa 

(41.43 mV/psi) 

4. Engine speed (angular position oCA) – n 
Top dead center – TDC 

Induction engine speed sensor and TDC 
sensor  

min-1 0–3000 

5. Load Current of the generator (armature) – 
I tw 

Electric current meter A 0–15 

6. Voltage at the armature terminals– Utw Voltmeter V 0–250 

7. Exhaust valve opening signal Gap type opto-isolator with a comparator 
LM393 

V 
mm 

0–5 
10 (gap) 

 
 
a)               b) 

         
Fig. 2. a) Diagram of the laboratory test stand with the fitting spots of the sensors marked: 1 – Farymann D10 engine, 2 – engine speed and TDC sensor,  
3 – exhaust valve opening sensor, 4 – A/C converter, 5 – recorder, 6 – analysis software, 7 – thermocouple in a ceramic sheath, 8 – pressure sensor, 9 – 
water cooled thermocouple, 10 – exhaust gas channel, A – intake air, B – exhaust gas, C – fuel line; b) a view of the laboratory test stand with the fitting 
spots of the sensors of the recorded parameters marked: 2 – engine speed and TDC sensor, 7 – thermocouple in a ceramic sheath, 9 – water cooled thermo- 
 couple, 3 – exhaust valve opening sensor, 8 – pressure sensor 
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signal. The time intervals analyzed in this study meet the 
conditions for their recognition as quasi-periodic, which is 
also acceptable [7, 8, 10, 11]. The recorded signal of the 
engine exhaust gas temperature is periodically time-
dependent. Its values are repeated in constant intervals, 
lasting for a time called a period, that is: 

 x(t  + T) = x(t ) (1) 

The necessary condition is that the period (� ) is any 
non-zero measurable number. This condition has been met 
in the case of analyzed signals of fast changing exhaust gas 
temperature [15, 17, 18]. 

3. Diagnostic parameters 
The results of the laboratory tests presented in this chap-

ter refer to the temperature variation rates for a single diesel 
engine cycle. Four different measurement signal standards 
were analyzed, allowing to assess the technical condition of 
structural elements limiting the working spaces of the cy-
linder, as well as the air intake channel only on the basis of 
measurements and analysis of the quasi-periodic signal, 
which is the quasi-periodic temperature of the exhaust gas 
in the outlet duct [9, 14, 16]. 

Dynamic exhaust gas temperature measurements in the 
selected control sections of the engine exhaust outlet chan-
nel make it possible to determine: 
-  the average peak to peak variable exhaust gas tempera-

ture (difference between maximum and minimum for 
the signal, within one engine cycle); 

-  specific enthalpy of subsequent temperature pulses of 
the exhaust gas leaving the cylinder; 

-  the rate (intensity) of increase and decrease in the value 
of the quick-changeable exhaust gas temperature for the 
single engine cycle. 
On the basis of the course of quick-changeable tempera-

ture of the exhaust gases, the above mentioned standards of 
measurement signal values were determined, which may 
constitute adequate diagnostic parameters for the tested 
states of unfitness of the intake air channel. The results of 
their analysis are presented in the next chapters. 

3.1. An average peak-to-peak value  
of the quick-changeable temperature 

The average peak-to-peak value of the quick-changeable 
exhaust gas temperature is determined as the difference 
between the maximum and minimum temperatures for each 
engine cycle (Fig. 3). The value of this diagnostic value 
was determined according to the relation: 

 DT� r = tmax – tmin [K] (2) 

where: � T� r – average peak-to-peak value [K], tmax – maxi-
mum temperature of the exhaust gas within one engine 
cycle [oC], tmin – minimum temperature of the exhaust gas 
within one engine cycle [oC]. 

3.2. A specific enthalpy of the exhaust gas 
The study of the temperature and pressure variability of 

exhaust gases leaving the cylinder of a diesel engine in the 
range of one work cycle gives the possibility of direct 
qualitative and quantitative assessment of the specific en-
thalpy of exhaust gases. The value of this parameter was 

determined by integrating the course of the quick-change-
able temperature of exhaust gases within the limits speci-
fied by the values of the crankshaft rotation angle for one 
cycle, as well as by the known value of the specific heat of 
exhaust gases, depending on their average temperature: 

 � � � � ��� �	 
 � � 
� �� ���
���

�
� �

��
�    (3) 

where: h –specific enthalpy of the exhaust gas [J/kg], cp(tsp) – 
average specific heat of the exhaust gas [kJ/kg·deg], tsp – 
the temperature of the exhaust gas recorded within one 
engine cycle [oC], � OWK – the angle of the engine crankshaft 
revolution [oCSR]. 

 

 
Fig. 3. The course of fluctuation of the quick-changing exhaust gas tem-
perature for one engine cycle and the graphical interpretation of the peak- 
 -to-peak temperature value 

 
The average specific heat of stoichiometric exhaust ga-

ses was determined on the basis of the chemical composi-
tion of exhaust gases recorded for each state of work of  
a diesel engine. 

3.3. A rate of the exhaust gas temperature’s alterations 
Knowledge of the rate of increase and decrease in tem-

perature of exhaust gases allows to determine the dynamics 
of this flow process. Figure 4 shows the graphical interpre-
tation of the method of determining this diagnostic parame-
ter for one engine cycle, based on a signal of a quick-
changing exhaust gas temperature. 

 

 
Fig. 4. The course of fluctuation of the quick-changing exhaust gas tem-
perature for one engine cycle and the graphical interpretation of determi- 
 ning the rate of temperature increase and decrease  

 
The rate of increase (decrease) of temperature of ex-

haust gases was determined according to the relation: 

 
��

��
�

� �� !� �"#

� � � �� 
 !� � � �"# 

 (4) 
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where: � T/��  – rate of increase (decrease) of temperature of 
exhaust gas [K/s], tmax – the maximum exhaust gas temperature 
within one engine cycle [oC], tmin – the minimum exhaust gas 
temperature within one engine cycle [oC], � (tmax) – the time 
during which the temperature of the exhaust gases within one 
engine cycle reaches its maximum value [s], � (tmin) – the time 
during which the temperature of the exhaust gases within one 
engine cycle reaches its minimum value [s]. 

4. The results of measurements and calculations  
Diagnostic measures (parameters) described above have 

been determined for 2 experimental tests simulating various 
operating states of a diesel engine. Figures 5 and 6 show the 
time courses of quick-changeable exhaust gas temperature 
obtained from ten consecutive engine operation cycles for 
the two considered technical states of the intake air channel. 
The presented signals of quick changing temperature were 
subjected to mathematical treatment in order to remove 
interference from the measuring network. The measured 
exhaust gas temperature values achieved during the labora-
tory engine test were filtered using the method of least 
squares in the Microsoft Excel software environment. 

 

 
Fig. 5. Time courses of the quick changeable temperature and exhaust gas 
pressure obtained from ten consecutive engine cycles for state 1 – with the  
 valve regulating the air supply to the engine cylinder fully open 

 
Table 2 presents a summary of the diagnostic parame-

ters determined during the testing of the Farymann engine 
type D10 in the two considered technical conditions of the 
intake air channel. The data presented in the table are aver-
age values, given for a group of 90 engine operating cycles 
recorded during the measurements. They refer to a single 
engine cycle for comparative analysis of defined measure-
ment standards of recorded signals. Figures 7 and 8 show 
the achieved values of diagnostic parameters in a graphical 
form for a more readable interpretation of numerical data.  

 

 
Fig. 6. Time courses of the quick-changeable temperature and exhaust gas 
pressure obtained from ten consecutive engine cycles for state 2 with the 
partially closed valve regulating the air supply to the engine cylinder (as in  
 Figure 1) 

 

 
Fig. 7. Values of diagnostic parameters, such as the average rate of in-
crease and decrease of exhaust gas temperature within one engine opera- 
 ting cycle, depending on the technical condition of the intake air channel 

 

 
Fig. 8. Values of diagnostic parameters such as specific enthalpy and peak-
to-peak exhaust gas temperature within one engine cycle, depending on the  
 technical condition of the intake air channel 

 
Table 2. Summary of determined values of diagnostic parameters with their standard deviations 

Diagnostic parameter � T� r [K] h [kJ/kg] � T/��  �  [K/s] � T/��  �  [K/s] 
Technical 
condition 

Operating condition Peak-to-peak temperature 
value [K] 

Specific enthalpy of 
exhaust gas [kJ/kg] 

Exhaust gas temperature 
increase rate for one ampli-

tude [K/s] 

Exhaust gas temperature decrease 
rate for one amplitude [K/s] 

1 
Average value 27.81 259.52 1064.71 615.80 

Standard deviation 2.20 5.33 226.91 110.08 

2 
Average value 35.18 293.97 1428.78 573.72 

Standard deviation 2.73 4.03 272.17 74.33 
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5. Comparison of the calculation results  
The peak-to-peak value of the exhaust gas temperature 

was significantly higher for a partially closed air intake duct 
than in the reference state (differences exceeding the standard 
deviation). The diagnostic parameter that is averaged over 
one engine work cycle of the exhaust gases specific enthalpy 
showed a much higher value (apart from the standard devia-
tion) for a test with a partially closed air intake relative to the 
reference state. For the diagnostic parameter, i.e. the exhaust 
gas temperature increase rate within one engine cycle, large 
standard deviations of this parameter are visible (even 20% 
of the average value). There is also a significant discrepancy 
in the results obtained for each technical condition. Signifi-
cantly higher value compared to the reference state was ob-
served for a state with a partially closed air intake. The ex-
haust gas temperature increase rate also informs about the 
dynamic properties of the thermocouple used during labora-
tory tests [15]. The rate of exhaust gas temperature’s de-
crease is also characterized by significant standard deviations 

(up to 17% of the average value), as is the case with the rate 
of exhaust gas temperature increase. However, there is less 
discrepancy between the achieved average values of this 
diagnostic parameter. A value significantly lower than the 
reference state was observed for a study with a partially 
closed air intake. It is also visible that the rate of decrease 
of quick changing exhaust gas temperature is about 2 times 
lower than the rate of increase of this parameter. This is due 
to the slower cooling of the thermocouple than heating. 

Diagnostic parameters determined on the basis of meas-
urements of quick-changeable exhaust gas temperature, such 
as specific enthalpy, peak-to-peak value and temperature 
increase rate, react similarly to changes in the structure of the 
engine intake air channel during the laboratory engine tests. 

In the next step of the laboratory tests it is planned to 
determine Sankey's stream charts. They will be used as an 
energy background for studies of the influence of selected 
diesel engine defects on the quick-changing signal of ex-
haust gas temperature [4, 20]. 
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